 2  0  2  1 
bacteria, a lysis step was added to the extraction protocol described by the manufacturer: a 1 3 3 1µL loopful of bacterial colonies was emulsified in 180 μL of lysis buffer containing 20 mM 1 3 4
Tris-HCl, pH8, 2 mM EDTA, 1.2% Triton X-100, 20 mg/mL lysozyme, in a DNase/RNase 1 3 5 free 1.5 ml Eppendorf tube and incubated in a heating block at 37°C for 1 hour, with mixing 1 3 6 every 20 min. A DNase/RNase free 1.5 ml Eppendorf tube containing 180 μL of a home-1 3 7
made lysis buffer but no bacterial colonies was included as a NTC. Then, the manufacturer 1 3 8 protocol, modified slightly by us, was followed. In brief, 25 μL of proteinase K and 200 μL of 1 3 9
AL buffer were added to the preparation, vortexed for 15 sec and incubated in a heating block 1 4 0 at 56°C for 30 min. The preparation was then vortexed for ca. 30 sec and incubated in a buffer were added to the column, which was then centrifuged for 1 min at 4500 g . This step 1 4 5 was repeated after adding AW2 buffer with a centrifugation of 3 min at 6700 g. After each 1 4 6 centrifugation, the collecting tube was discarded and replaced by a new one, except for the 1 4 7 last step in which the collecting tube was replaced by a DNA/DNase/RNase-free 1.5 mL 1 4 8
Eppendorf tube. Then, 100 µL of AE buffer, preheated to ca. 55°C, were carefully added to 1 4 9 the column and then centrifuged for 1 min at 4500 g. The eluate was recovered, added to the 1 5 0 top of the same column and centrifuged again for 1 min at 4500 g. Finally, the column was 1 5 1 discarded and the eluate was kept at +5°C.
5 2
To extract DNA from swab samples, swab tips were placed into DNA/DNase/RNase-free 1.5 1 5 3 ml Eppendorf tubes containing nuclease-free water (Promega). The swab shafts were cut with 1 5 4 a pair of sterile dissection scissors to allow closing of the tubes. Tubes were vortexed for 1 5 5
about 5 mins and swabs removed using sterile forceps. Then, the tubes were centrifuged for 5 1 5 6 min at 8000 g. The supernatants were discarded and 150 μ L of home-made lysis buffer, 1 5 7 described above, was added to each pellet. This suspension was incubated at 37°C in a 1 5 8
heating block for 1 hour. Then, the same procedure as described above for bacteria was 1 5 9
followed. At the end of the extraction, the tube was incubated for 10 min at 95°C in a heating 1 6 0 block to inactivate pathogens which could be contained in the samples. of the respiratory tract were aligned and a final selection of primers and probe was 1 7 6 accomplished according to their universality ( Figure S1 ). The sequences of primers and 1 7 7 probes are given in Elek test for toxin production. Clinical isolates were tested for toxin production using 1 9 5
Elek's test modified by Engler et al. (15) . The cycling conditions were identical for both thermocyclers: an initial activation at 95°C for 2 2 8 5 min, followed by 45 cycles of denaturation at 95°C for 10 s followed by the 2 2 9 hybridization/extension step at 60°C for 20 s. Acquisition of the fluorescence signal was set at 2 3 0 60°C during each cycle. The data analysis software used were Q-Rex (Qiagen) and 2 3 1
LightCycler480 SW 1.5. For the determination of the cycle thresholds (Ct) value on the RGQ, 2 3 2 the analysis options used were "Basic", for all analyses, and "Slope correction" and/or "Take 2 3 3
off Adjustment" if curves needed to be corrected. On the LC480 the second derivative method the two dyes are very close to each other (Table S2 ). To avoid this problem, the crosstalk 2 3 7 compensation settings on the analysis options of the RGQ were used to define the channels 2 3 8 that had to be compensated. Similarly, for the LC480, a colour compensation was performed 2 3 9
to adjust the fluorescence results of each channel (Table S3 ). In the validation experiments at 2 4 0
Public Health England, the PCRs were performed on an RGQ machine. When compared to 2 4 1 the equivalent PCR using gfp as the IPC, the gfp reagents previously described (26) the Ct values were ca. 29 on the RGQ and ca. 33 on the LC480. As qPCR reagents contain 2 9 4 DNA traces, it was not possible to observe the extinction of the fluorescence signal and 2 9 5 therefore no LLOD could be determined for the u-16S target.
2 9 6 2 9 7
Comparison of the two thermocyclers. We observed amplification curves in both 2 9 8 thermocyclers for all targets tested. As mentioned above, LLOD were the same for all targets 2 9 9 on both platforms. We noted that Ct values obtained with the two thermocyclers were slightly 3 0 0 different ( 3°C, Ct values did not vary by more than 2 cycles and no difference was observed in the 3 3 2
interpretation of the qPCR amplification results (Fig. S2) . The variation of the reagent for comparative samples were less than 1 cycle ( Supplementary Table S4 and that the method is robust within an important range of experimental variation of reagents 3 8 9
volumes and thermocycler temperature drift that is unexpected to be exceeded in most 3 9 0 laboratories. Moreover, the portability and performance of the modified 4plex qPCR were 3 9 1 validated on an RGQ apparatus at RVPBR-PHE. Remarkably, the differences in mean Ct 3 9 2 values between the two methods were less than 1 cycle in that laboratory. Finally, the LLOD 3 9 3 defined using both thermocyclers were identical, providing flexibility to users in the choice of 3 9 4 the thermocycler.
3 9 5 3 9 6
The use of a single target for C. diphtheriae and C. belfantii on the one hand, and of 3 9 7
C. ulcerans and C. pseudotuberculosis on the other hand, does not allow for species 3 9 8 discrimination within these pairs. C. belfantii can be identified by biotyping or by sequencing 3 9 9
approaches (1). In humans, C. pseudotuberculosis is extremely rare and associated with 4 0 0 contacts with goats or other production animals, whereas C. ulcerans is much more common. 
0 4
In conclusion, the improved 4-plex PCR method has the biological and technical 
Isolates 00-0744 C. belfantii tox- 
